Background: Plantago spp. includes more than 200 species which had been used traditionally to treat many diseases including colds, hepatitis, and infectious diseases. The aim of this study is to evaluate carbohydrates and fixed oil from Plantago ovata L. (Plantaginaceae) seeds against ketoprofen-induced hepatorenal toxicity in rats. Results: The aqueous extract of P. ovata seeds contain 39% (wt/wt) carbohydrate as glucose and 35% (wt/wt) as mucilage. Paper chromatographic analysis and GLC of the mucilage hydrolysate revealed the presence of six free sugars. GC/MS analysis of the saponifiable and unsaponifiable matter of the petroleum ether extract identified 15 compounds from the saponifiable matter. Linoleic acid ethyl ester was the major unsaturated fatty acid, while palmitic acid methyl ester is presented as the major saturated fatty acid. Eighteen compounds were identified from the unsaponifiable matter. 6-Phenyldodecane and 6-phenyl tridecane are presented as major compounds in the unsaponifiable matter. Five steroidal compounds, namely β-sitosterol, Lupeol, Stigmasterol, Campesterol, and 24(25)-dihydrocycloartenol, were identified and confirmed. Carbohydrates and fixed oil administered to normal control rats showed insignificant changes in the oxidative stress markers; liver and kidney function indices, liver DNA degradation pattern, and the histopathological picture of liver and kidney revealed their safety. Ketoprofen induced drastic changes in all the measured parameters. Treatments recorded variable degrees of improvement referring to silymarin as a reference herbal drug. Conclusions: The self-recovery process is not an efficient tool against the ketoprofen toxicity. Treatment with plant carbohydrates exhibited the most potent effect in improving the selected parameters under investigation and served as a safe agent for treatment hepatorenal toxicity in rats.
Introduction
Ketoprofen is a non-steroidal anti-inflammatory drug (NSAID) that inhibit cyclooxigenase (COX) enzymes which transforms arachidonic acid to prostaglandin, prostaeyelin, and thromboxane (Tomic et al. 2008) . The sustained prostaglandin inhibition leads to sustained reduction in the renal blood flow and thus the renal syndrome ensues. The metabolism of ketoprofen in the liver is intensive, yielding hydrosoluble and liposoluble metabolites. Excessive doses lead to hepatotoxicity and kidney necrosis (Heo et al. 2008; Tomic et al. 2008 ).
One of the major challenges in clinical application is the detection of new agents that has therapeutic effect against drug-induced hepatorenal toxicity. Many formulations containing the active ingredients of natural products and herbal extracts are used for treatment or even regeneration of hepatic cells (Moradi et al. 2014; Freitag et al. 2015) .
Plantago spp. (Plantin) belongs to family Plantaginaceae which includes more than 200 species (Ronsted et al. 2003) . It is widely geographic distribution in high-temperature regions of the world. Plantago is known to be rich in various secondary metabolites such as phenolic compounds, flavonoids, alkaloids, terpenoids, and vitamin C. These compounds exert antioxidants and anti-inflammatory effect alongside with its high contents of carbohydrate and nutrients (Gill and Valivety 1997) . Plantago has been approved as a laxative, antihypercholesterolemic, hypoglycemic, anti-inflammatory, antiviral, analgesic, antioxidant, anticancer, immune modulator, and anti-hypertensive agent (Samuelsen 2000; Haddadian et al. 2014) . Plantago has been used traditionally to treat many diseases including colds, hepatitis, skin diseases, infectious diseases, problems related to the digestive organs, respiratory organs, reproduction, and circulation (Beara et al. 2009 and Chiang et al. 2003; Samuelsen 2000) . Plantago ovata leaves, seeds, and husks contain about 76, 78, 58% polyunsaturated, 21, 15, 20% saturated, and 3, 7, 22% monounsaturated fatty acids, respectively. In addition, the seeds contain mucilaginous compounds which are used as a thickening agent in the pharmaceutical industry for manufacturing tablets (Patel et al. 2016) .
The aim of this study is to evaluate the carbohydrate and fixed oil of Plantago ovata seeds against hepatorenal toxicity induced by ketoprofen in rats focusing on carbohydrate and sterols content which may be responsible for the biological activities of Plantago seeds.
Material and methods

Chemicals
All chemicals were of high analytical grade, products of Merck, Germany and Sigma, USA. Ketoprofen was obtained from Sanofi, Egypt, whereas silymarin (hepatoprotective reference drug) was provided from SESDCO, Egypt.
Preparation of the plant extracts P. ovata seeds were obtained from the local market in March, 2016 . The seeds were defatted with petroleum ether (40-60°C) for preparation of lipoidal extract to obtain the fixed oil, and then macerated in distilled water to prepare the aqueous extract to obtain the carbohydrate. The collected extracts were concentrated in the rotary evaporator (at 50°C) and the dried residue was stored at the refrigerator in tight containers until use.
Investigation of carbohydrate profile
Authentic sugars for paper chromatography (PC) and gas liquid chromatography (GLC) were obtained from Fluka, Switzerland. All solvents used were of pure analytical grade. Quantitative estimation of the total carbohydrate content has been determined as glucose by phenol sulfuric acid method according to Dubois et al. (1956) . The mucilage isolated from the aqueous acidified extract according to Laidlow and Percival, (1950) . The precipitate was separated by centrifugation, washed with ethanol, stirred with acetone, filtered, and dried in a vacuum desiccators over anhydrous calcium chloride. The nature has been determined according to Evans (1962) and Matz (1962) .
Descending paper chromatography analysis of the free sugars and mucilage hydrolysates were carried out on Whatman1MM papers (Whatman Ltd., Maid Stone, Kent, England) using n-butanol:acetic acid:water (4:1:5 v/ v) as the developing system. After development, the chromatograms were dried, sprayed with aniline hydrogen phthalate reagent (0.93 g aniline and 1.66 g O-phthalic acid dissolved in 100 ml n-butanol saturated with water), and heated at 105°C for 5 min (Stahl 1969) .
GLC analysis of the mucilage hydrolysates was carried out according to Gertz (1990) on GLC HP 6890; flame ionization detector at 270°C. The analysis was carried out using ZB-1701 column (30 m × 0.25 m × 0.25 μm), 14%cyanopropyl phenyl methyl, the carrier gas is helium at flow rate of 1.2 ml/min under pressure 10.6 psi and velocity of 41 cm/s. The injector chamber temperature was − 250°C. Quantitative determination was based on peak area measurement while qualitative identification was carried out by comparison of the retention times of the peaks with those of the authentic sugars.
GC/MS analysis of petroleum ether extract
Saponification of the petroleum ether extract was performed according to Tsuda et al. (1960) . The saponifiable and unsapoifiable matters have been subjected to GC/MS analysis on a model Shimadzu GC/MS-QP5050A. Identification of the constituents has been carried out by comparison of their spectral fragmentation patterns with those of the available database libraries [Wiley (Wiley Int.) USA and NIST (Nat. Inst. St. Technol., USA)] and/or published data (Adams 1989) . Quantitative determination was carried out based on peak area integration.
Isolation and identification of the main steroidal compounds from petroleum ether extract
The conventional column chromatography technique was performed to isolate the main active compounds. Elution was successively carried out by methylene dichloride (CH 2 Cl 2 ) and increasing the polarity with ethyl acetate. The resulting similar fractions from the column were collected together according to R f values where the isolated compounds were identified by different spectral analyses (IR, mass spectrometry, and H 1 -NMR). Compound 1 was isolated from (100% CH 2 Cl 2 ), while compounds 2, 3, 4, and 5 were isolated from CH 2 Cl 2 :ethyl acetate (70:30% v/v), (50:50% v/v), (30:70% v/v), (15:85% v/v), respectively. The isolated compounds were further purified several times with preparative TLC technique and then chromatographed on TLC alongside with available authentic references.
Animals and ethics
Male Wistar albino rats (100 to 120 g) were selected for this study. They were obtained from the Animal House, National Research Center, Egypt. All animals were housed in standard plastic cages in an environmentally controlled condition with free access of water and diet. They were kept 2 weeks for acclimatization before starting any experimental procedures. Anesthetic procedures and handling with animals complied with the ethical guidelines of Medical Ethical Committee of the National Research Center in Egypt to ensure that animals do not suffer at any stage throughout the experiment Approval No. 18211.
Acute toxicity
Seventy-eight male rats were divided into 13 groups (6 rats each). Each group was orally administered with one oral dose of plant seed oil (2, 4, 10, 20, and 40 ml/kg bode weight) or plant carbohydrates (40, 160, 480, 640 mg/kg, 1920, 3840, 7680, 13 ,920 mg/kg) and observed for 1 week. The LD50 of both oil and carbohydrates were calculated and 1/20 of each concentration will be selected for further biological determinations. The LD50 of oil and carbohydrates were 40 ml/kg and 1392.00 mg/kg, respectively. Therefore, the recommended doses were 2 ml/kg for oil and 696 mg/kg for carbohydrates.
Experimental design
Sixty rats were divided into 10 groups (6 rats each).
Group 1: rats were given daily oral dose of 0.5 ml distilled water for 7 days and served as control group. Group 2: rats were given daily oral dose of 0.5 ml plant seed carbohydrates (696 mg/kg) for 7 days. Group 3: rats were given daily oral dose of plant seed oil (2 ml/kg). Groups 4: rats were given daily oral dose of 0.5 ml ketoprofen for 7 days (8 mg/kg) (Tomic et al. 2008) . Group5: ketoprofen-induced rats were treated with a daily oral dose of plant seeds carbohydrates. Groups 6: ketoprofen-induced rats were treated with a daily oral dose of plant seeds oil. Groups 7: ketoprofen-induced rats were treated with a daily oral dose of 0.5 ml silymarin as a reference drug (100 mg/kg) (Hamed et al. 2012 ). Groups 8: recovery; ketoprofen-induced rats and left free for 1 week. Groups 9: recovery; ketoprofen-induced rats and left free for 2 weeks. Groups 10: recovery; ketoprofen-induced rats and left free for 3 weeks.
Treatment was carried throughout a period of 1 week after ketoprofen induction.
Sample preparations
Blood was collected from each animal by puncture of sublingual vein in clean and dry test tubes, left 10 min at room temperature to clot, and centrifuged at 3000 rpm for serum separation. The separated serum was stored at − 80°C for further determinations of liver kidney function tests.
Liver tissue was homogenized in cold 0.9 N NaCl (1: 9 w/v) solution, centrifuged at 3000 rpm for 10 min, separated from the supernatant, and stored at − 80°C for further antioxidant determinations.
Biochemical assays
The oxidative stress markers malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione (GSH) were estimated by the methods of Buege and Aust (1978) , Nishikimi et al. (1972) , and Moron et al. (1979) , respectively. Aspartate and alanine aminotransferases (AST, ALT) and alkaline phosphatase (ALP)were estimated by biodiagnostic kit (Biogamma, Stanbio, West Germany) by the method of Gella et al. (1985) and Rosalki et al. (1993) , respectively. Urea was determined by the method of Tabacco et al. (1979) . Creatinine was measured by the method of Bartels and Böhmer (1971) . Total protein was estimated by the method of Bradford (1976) .
Histopathological analysis
Liver and kidney tissues were fixed in 10% formalin. Paraffin-embedded samples were prepared for sectioning at 4-μm thickness. Slides were stained with hematoxylin and eosin and examined by light microscope (Suzuki and Suzuki 1998) .
Statistical analysis
All data were expressed as mean ± SD of ten rats in each group. Statistical analysis was carried out by one-way analysis of variance (ANOVA), Costat Software Computer Program.
Results
Investigation of carbohydrate content
The aqueous extract of P. ovata seeds gave positive test for carbohydrate (Molisch 1886) , and the total carbohydrate content in this extract was 39% (wt/wt); calculated as glucose. The percentage of the isolated mucilage was 35% (wt/wt). No gelatinous precipitate appeared upon reaction with potassium hydroxide; red stain has been obtained with ruthenium red which indicate the mucilaginous nature and eliminate the presence of pectin. Paper chromatographic analysis of the mucilage hydrolysate revealed the presence of galactose, glucose, arabinose, xylose, and riboseandrhamnose as compiled in Table 1. GLC analysis of the mucilage hydrolyzate revealed the presence of six free sugars which represent 96.247% wt/ wt of the total hydrolysate. Xylose and arabinose are presented as a major sugar (54.969% and 31.455% (wt/wt) of the total hydrolyzate), respectively, in addition to ribose (1.479%), rhamnose (5.482%), galactose (2.241%), and glucose (0.621%) as illustrated in Table 2 .
GC/MS of the petroleum ether extract
GC/MS analysis of the saponifiable and unsaponifiable matter of the petroleum ether extract from P. ovata seeds has been carried out and identified components are compiled in Tables 3 and 4 . Fifteen compounds were identified from the saponifiable matter, representing 89.24%. The saturated fatty acids constituted 23.98%, while the unsaturated fatty acids amounted 65.26%. Linoleic acid ethyl ester (24.86%) was the major unsaturated fatty acid, while palmitic acid methyl ester (18.95%) is presented as the major saturated fatty acid. Eighteen compounds were identified from the unsaponifiable matter amounting to 90.96%. 6-Phenyldodecane and 6-phenyl tridecane (11.26% and 11.12%, respectively) are presented as major compounds in the unsaponifiable matter.
Identification of the isolated compounds
The study led to isolation of five compounds (1-5). Their structure elucidation was confirmed by melting point and some spectral analyses (IR, mass and H 1 -NMR spectrometry) and comparing with the available authentic.
Compound 1 β-Sitosterol in the form of white needles gave positive Salkowski's test and developed a dark violet color with p-anisaldehyde. Its R f was 0.42. The melting point is 148-149°C in agreement to that reported by Kiem et al. (2011) and Awad et al. (2011) . The IR spectrum showed absorption bands at 3429 cm −1 (hydroxyl), 2925, 2857, 1650, 1460, and 1039 cm −1 assignable to methylene, C=C, methyl groups, and C-O bond, respectively. Mass spectrum showed M + at m/z 414 (100) for molecular formula C 29 H 50 O, and other major fragments were at m/z 396 (23), 314 (4), 271 (6), 255 (18), 213 (20), 189 (16), 145 (19) , 137 (9), and 57 (78). Comparing the above data with that of previously reported results presented in literature and the R f value and color under UV with the authentic β-sitosterol, it could be concluded that the compound is Stigmast-5-en-3-ol (β-sitosterol).
Compound 2
Lupeol was in a form of white crystalline powder; it has melting point 169-170°C as stated by Subraya et al. (2013) . R f value: 0.20, IR spectrum shows absorptions at 3310 cm −1 for OH group, 2950 and 2860 cm −1 for (CH 2 and C-H stretching), at 1635 cm −1 for (C=C str.), 
Compound 3
Stigmasterol was obtained as white crystalline powder with melting point 169-170°C which is in agreement with that mentioned by Subraya et al. (2013) . R f value recorded 0.20, and the IR spectrum showed absorptions at 3400 cm −1 for OH group, 2919 and 2800 cm −1 for (CH 2 and C-H stretching), at 1630 cm −1 and 1627 cm 18H, 6xCH3) ; at δ 1.1 to δ 1.20 (m,18 H, 9 x CH2), (8H, methine protons)appeared at δ 1.8 to δ 2.3, while (1H, CHOH) appeared at δ 3.5; furthermore, the signal at δ 5.73 attributed to oleifinic hydrogen H-4 in the steroidal nucleus. Signals at δ 5.02 and 5.15 (dd, J = 8.6 and 15.2 Hz) assigned to methine protons H-22 and H-23; and at δ 5.34 (d, 5.2 Hz) to H-6.
Compound 4
Campesterol was in a form of white amorphous powder with melting point 157-158°C as stated by Choi et al. (2007) and Jain and Bari (2010) . Its R f = 0.73. IR showed absorption bands at 3428.79 (hydroxyl) cm 
Oxidative stress markers
Nonsignificant changes were observed in oxidative stress markers after administration of normal rats with plant seed oil and carbohydrates. Rats administered ketoprofen showed significant decrease in SOD and GSH levels compared with the control group, while significant increase in MDA level was observed. Ketoprofen-induced rats treated with plant seeds oil and carbohydrates recorded significant increase in SOD and GSH levels as compared by the ketoprofen group, while significant decrease in MDA level was noticed (Table 5) . Therefore, treatments with plant seeds carbohydrate, seeds oil, and In auto-healing ketoprofen groups, we noticed a positive correlation between these parameters and the time of auto-recovery, but not reached to the treatment degree (Fig. 1a) .
Liver function enzymes
Regarding to the liver function enzymes, insignificant changes were observed in AST, ALT and ALP after administration of normal rats with plant seed oil and carbohydrates. Rats administered with ketoprofen showed significant increase in AST, ALT, and ALP levels compared with the control group. Ketoprofen-induced rats treated with plant seeds oil and carbohydrates recorded significant decrease in AST, ALT, and ALP levels as compared by the ketoprofen group (Table 6) .32, and 31.76%, respectively. In the auto-recovery ketoprofen groups, the liver function indices were improved to some extent by time (Fig. 1b) .
Liver DNA fragmentation pattern
High degree of DNA fragmentation pattern was observed in Table 7 and Fig. 2 represented by significant increase in tailed DNA, DNA tail-length, total DNA, and DNA tail moment. In addition, significant decrease in un-tailed DNA was noticed in ketoprofen-induced liver toxicity group as compared with the control group. Treatment with plant seeds carbohydrate, oils, and silymarin drug showed variable degrees of improvement in DNA fragmentation pattern with more potent effect upon the treatment with carbohydrates. Ketoprofen groups showed no sign of auto-recovery by time.
Liver histopathological analysis
Liver section of control and control-treated rats with plant carbohydrate and oil showed preserved hepatic lobular architecture and structure with more pronounced effect to plant seeds carbohydrate treatment ( Fig. 3a-c) . Ketoprofen group showed moderate diffuse hydropic degeneration, vacuolation, congested sinusoids, congested central vein, and scattered multinucleated hepatocytes (Fig. 3d) . Ketoprofen rats treated with carbohydrate and oil as well as silymarin showed preserved hepatic lobular architecture and structure ( Fig. 3e-g ). Values are % of the total counts in each assay Tail Moment (unit) = tail length x % total DNA Data in DNA tail length are expressed as mean ± SD of three reading Groups having the same letters are non-significant while others having different letters are significant at p < 0.05 
Kidney function indices
With respect to kidney function parameters, insignificant changes were observed in creatinine, urea and total protein levels after administration of normal rats with plant seed oil and carbohydrates. Rats administered with ketoprofen showed significant increase in their levels as compared with the control group. Significant decrease in creatinine, urea and total protein levels was reported in ketoprofen-induced rats treated with plant seeds oil and carbohydrates as compared by the ketoprofen group (Table 8) . Treatments with plant seeds carbohydrate, seeds oil, and silymarin showed amelioration in urea level by 108.75, 103.10, and 94.82%, respectively, while creatinine level showed improvement by 131.19, 109.74, and 127.85%, respectively. In addition, total protein content recorded improvment by 16.61, 12.88 and 14.23%, respectively. A positive correlation was noticed between these parameters in the auto-recovery rats with time (Fig. 1c) .
Kidney histopathological analysis
Kidney of control and control treated rats showed renal corpuscle with normal glomerulus and normal pattern of proximal convoluted and distal tubules, where treatment with carbohydrate recorded the most pronounced effect (Fig. 4a-c) . Kidney of ketoprofen-induced rats showed collapsed and atrophic glomeruli corpuscles (Fig. 4d) . Ketoprofen rats treated with carbohydrate, oil, and silymarin showed renal cortex and renal corpuscle with almost normal glomerulus and proximal convoluted and distal tubules (Fig. 4e-g ).
Liver and kidney histopathological recovery
Recovered liver for 1-3 weeks recorded preserved hepatic lobular architecture and moderate diffuse hydropic degeneration and vacuolation (Fig. 5a-c) . Recovered kidneys for 1-3 weeks showed hyperplasia of epithelial cells lining the partial layer of Bowman's capsule with variable degrees (Fig. 5d-f ).
Discussion
The present study proved the presence of a good variety of secondary metabolites in the polar and nonpolar extracts of P. ovata seeds, where the aqueous extract is rich in many sugars, while the petroleum ether extract contain several saturated, unsaturated fatty acids, hydrocarbons, steroids, and terpenoids compounds. Some of these compounds were detected before from the seed such as α and γ-linolenic acids which are well known for their nutritional values (Gill and Valivety 1997) . The use of certain plants with high concentrations of antioxidant compounds has implied an efficient curative advance against hepatic and oxidative damage (Embuscado 2015; Mishra et al. 2015) . P. ovata seeds have high total phenolic content with great antioxidants and DPPH scavenging activity than leaves (Patel et al. 2016) . Moreover, some triterpenoids that were isolated from the leaf wax of Plantago spp. such as oleanolic, ursolic, 18 (1): control group with no significant of DNA damage. Slide (2 and 3): P. ovata seed carbohydrates and fixed oil groups with non significant DNA damage. Slide (4): ketoprofen group with remarkable percent of DNA damage. Slides (5, 6, and 7): ketoprofen rats treated with P. ovata seed carbohydrates, P. ovata seed oil, and silymarin reference drug respectively, show lesser percent of DNA damage relative to ketoprofen group. Slides (8, 9, and 10): self recovery groups for 1 week, 2 weeks, and 3 weeks respectively with lesser percent of DNA damage relative to ketoprofen group. It is important to note that, P. ovata seed carbohydrates showing the most significant reduction in the percent of DNA damage β-glycyrrhetinic acids, and sitosterol (Ringbom et al. 1998) proved to have many biological activities, as antihypercholesterolemic (Anderson et al. 1990 and Atta et al. 2006 ) and anti-diabetic agents (Ahmed et al. 2010 ). In addition, it was found that sterol-containing extracts have a significant inhibition on superoxide generation and elastase release by activated neutrophils, indicating anti-inflammatory and antioxidative actions (Alam et al. 2016) . Previous studies demonstrated that β-sitosterol increased the activities of antioxidant enzymes as superoxide dismutase and glutathione peroxidase in macrophages under oxidative stress (Vivancos and Moreno 2005) . Treatment of β-sitosterol and campesterol significantly inhibit various types of cancer (Awad et al. 2001; De Stefani et al. 2000) . Plant polysaccharides possessed antioxidant and anticancer activities (Jiao et al. 2016) . It has been reported that the antioxidant effect of a compound may be concomitant with the development of reducing power. The reducing properties were generally associated with the presence of reductones, which have been shown to exert antioxidant action by breaking free radical chain through donating the hydrogen atom (Zeng et al. 2016) . The plant polysaccharides (See figure on previous page.) Fig. 3 a Liver section from control rat showed normal hepatic structure. b Control rats treated with plant seeds carbohydrate showed preserved hepatic lobular architecture, hepatocytes arranged in thin plates (black arrow), dilated congested sinusoids (yellow arrow), and congested central vein (red arrow). c Control rats treated with plant seeds oil showed preserved hepatic lobular architecture, hepatocytes arranged in thin plates (black arrow) with cytoplasmic vacuoles (green arrow), scattered multinucleated hepatocytes (blue arrow), dilated congested sinusoids (yellow arrow), and congested central vein (red arrow). d Liver section of ketoprofen induced rats showed hepatocytes with moderate diffuse hydropic degeneration and vacuolation (non-fatty type) (red arrows), congested sinusoids (yellow arrow), congested central vein (black arrow), and scattered multinucleated hepatocytes (blue arrow). e Liver section of ketoprofen rats treated with carbohydrate showed preserved hepatic lobular architecture and structure, hepatocytes arranged in thin plates (green arrow) and dilated congested sinusoids (yellow arrow), congested central vein (black arrow), and many multinucleated hepatocytes (blue arrow). f Liver section of ketoprofen rats treated with plant oil showed preserved hepatic lobular architecture, hepatocytes arranged in thin plates (black arrow), hepatocytes showed hydropic degeneration cytoplasmic vacuoles (non fatty type) (red arrow), scattered multinucleated hepatocytes (blue arrow), dilated congested sinusoids (yellow arrow), and congested central vein (green arrow). g Liver section of ketoprofen rats treated with silymarin showed preserved hepatic lobular architecture, hepatocytes arranged in thin plates (black arrow), mild hydropic changes (yellow arrows), scattered multinucleated hepatocytes (green arrow), and dilated congested sinusoids (red arrow) (H&E, × 200, × 400) acted as a reducing agent by effecting the conversion of the Fe3+/ferricyanide complex to the Fe2+ form. Metal chelating activity is considered as one of the antioxidant mechanisms, since it reduces the concentration of the transition metal catalyzing lipid peroxidation process (Qiao et al. 2009 ). Plant polysaccharides have liver cell regenerative effects and are able to stabilize membrane structures in hepatic injury. Therefore, it may give great health benefits to humans and animals with hepatic injuries. Silymarin, an effective extract obtained from seeds of milk thistle (Silybum marianum), is widely used in treatment of different liver diseases (Shaarawy et al. 2009 ). Silymarin is composed of flavonolignans, flavonoids, fatty acids, and polyphenolic compounds that have different biological activities (Saller et al. 2007 ). Zhang et al. (2013) reported that it acts as a strong free radical scavenger without any adverse side effects. Moreover, silymarin is described to be an immunomodulatory, antiproliferative, antifibrotic, and antiviral agent. Hence, Freitag et al. (2015) reported that silymarin is used as a reference drug in evaluation the new hepatoprotective drugs by inhibiting lipid peroxidation process. In the present study, MDA, as lipid peroxidation product, recorded significant increase in hepatic tissue of ketoprofen-induced hepatotoxicity in rats. We can determine oxidative stress by increased ROS and the antioxidant systems including SOD and glutathione, which act as protectors of oxidative stress. Hence, silymarin, by reducing the free radical load, is probably able to antagonize the depletion of the two main detoxifying mechanisms (Fraschini et al. 2002) . In addition, Motawi et al. (2016) and (2017) mentioned the role of free radicals in the fragmentation pattern of DNA.
In our study, treatment with silymarin and plant seeds carbohydrate and oil restored the levels of AST, ALT, and ALP to normal values, and decreased MDA level, which alleviates deleterious effects induced by ketoprofen. In accordance with our study, Shalan et al. (2005) mentioned that silymarin has a protective effect against experimental hepatotoxicity by regulating the actions of the ultra-structures of the liver cells.
In addition, Romero et al. (1998) showed that liver intoxication-induced changes in protein synthesis process. Hence, the observed increase in total protein as clearly shown in our studies can be deemed as an index of cellular dysfunction in liver and kidney diseases. The most commonly associated characteristic of liver fibrosis is the increased deposition of collagens. During liver fibrosis, altered collagen synthesis or deposition at both mRNA and protein levels is observed which give us an additional support to the observed fragmentation of DNA (Motawi et al. 2011) .
Renal function may be affected through inhibition of renal prostaglandins synthesis by non-steroidal anti-inflammatory drug (Farag Allah 2001) . This is because prostaglandins are involved in the regulation of solute homeostasis, glomerular filtration, and vascular tone, which are vital processes for normal kidney function. Urea and creatinine are the most metabolic waste products that are freely filtered by the glomeruli (Aprioku and Uche 2013) . In most clinical and toxicological investigations, their serum concentrations are commonly used as potential markers of renal toxicity (Perrone et al. 1992) . The antioxidant action of resveratrol, tyrosol, and b-sitosterol increase prostaglandin E2 synthesis in stimulated macrophages Moreno 2005 and . This observation explained the therapeutic role of P. ovata in renal injury through the stimulation of prostaglandin level, suppression of free radicals and amelioration of the antioxidant levels which will be reflected to the ultra-structures of kidney cells, glomeruli and tubules.
Conclusion
Carbohydrate and fixed oil extracted from Plantago ovata L. seeds succeeded to treat the hepatorenal toxicity in rats with potent effect of carbohydrate. Hepatorenal toxicity is an irreversible mechanism, where the auto-healing percentage not showed a significant concern. Further works are needed to fully characterize these polysaccharides and elucidate its possible mode of action.
(See figure on previous page.) Fig. 4 a Kidney section of control rats showed normal glomeruli. b Kidney section of control rats treated with plant seeds carbohydrate showed renal cortex and renal corpuscle with normal glomerulus (red arrow), normal pattern of proximal convoluted (black arrow), and distal convoluted (yellow arrow) tubules. c Kidney section of control rats treated with plant seeds oil showed few of the glomeruli corpuscles are collapsed and atrophic (red arrow). Proximal convoluted tubules showed destructed epithelial lining (black arrow), destructed epithelial lining of distal convoluted tubules (yellow arrow). d Kidney section of ketoprofen-induced rats showed few of glomeruli corpuscles (hyperplasia of epithelial cells lining the partial layer of Bowman's capsule) (red arrow), proximal and distal convoluted tubules with destruction of the epithelial lining cells (black and yellow arrow), many interstitial epithelial cells with cytoplasmic vacuoles and eccentric nuclei (green arrow). e Kidney section of ketoprofen rats treated with plant seed carbohydrate showed renal cortex and renal corpuscle with almost normal glomerulus (red arrow), almost normal pattern of proximal convoluted (black arrow), and distal convoluted (yellow arrow) tubules. f Kidney section of ketoprofen rats treated with plant seeds oil showed renal cortex showing renal corpuscle with normal glomerulus (red arrow), normal pattern of proximal convoluted (black arrow), and distal convoluted (yellow arrow) tubules. g Kidney section of ketoprofen rats treated with silymarin showed renal cortex and renal corpuscle with almost normal glomerulus (red arrow), normal pattern of proximal convoluted (black arrow), and distal convoluted ( 
